This study used a large spatial scale approach in order to better quantify the relationships between maerl bed structure and a selection of potentially forcing physical factors. Data on maerl bed structure and morpho-sedimentary characteristics were obtained from recent oceanographic surveys using underwater video recording and grab sampling. Considering the difficulties in carrying out real-time monitoring of highly variable hydrodynamic and physicochemical factors, these were generated by three-dimensional numerical models with high spatial and temporal resolution. The BIOENV procedure indicated that variation in the percentage cover of thalli can best be explained (correlation = 0.76) by a combination of annual mean salinity, annual mean nitrate concentration and annual mean current velocity, while the variation in the proportion of living thalli can best be explained (correlation = 0.47) by a combination of depth and mud content. Linear relationships showed that the percentage cover of maerl thalli was positively correlated with nitrate concentration (R2 = 0.78, P < 0.01) and negatively correlated with salinity (R2 = 0.81, P < 0.01), suggesting a strong effect of estuarine discharge on maerl bed structure, and also negatively correlated with current velocity (R2 = 0.81, P < 0.01). When maerl beds were deeper than 10 m, the proportion of living thalli was always below 30% but when they were shallower than 10 m, it varied between 4 and 100%, and was negatively correlated with mud content (R2 = 0.53, P < 0.01). On the other hand, when mud content was below 10%, the proportion of living thalli showed a negative correlation with depth (R2 = 0.84, P < 0.01). This large spatial scale explanation of maerl bed heterogeneity provides a realistic physical characterization of these ecologically interesting benthic habitats and usable findings for their conservation and management.
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Introduction
Maerl beds refer to intricate benthic habitats constituted by accumulations of living and dead unattached thalli of coralline algae which occur in tropical, temperate and polar environments (Bosence, 1983; Freiwald & Henrich, 1994) . In European waters, most of them are patchily distributed and found at less than 30 m deep, except in the Mediterranean Sea where they can be found down to 100 m (Jacquotte, to provide calcareous products for soil conditioning, water filtration systems,
93
cosmetics and also for the oil industry (Barbera et al., 2003) . The species richness 94 and density of the associated biodiversity are strongly dependent on the three-95 dimensional structure of the maerl beds corresponding to the density and morphology
96
of thalli, the heterogeneity of the constituent particles (coexistence of fine particles 97 with large maerl thalli), and on the proportion of living thalli (Steller et McIntyre grab and then processed using the method described above (Table 1) .
163
However, these investigations did not include underwater video-recordings. Seabed areas covered by the maerl beds of Paimpol, Molène, Glénan,
256
Trévignon and Belle-Ile, were virtually subdivided into geographical subareas 257 according to the 3×3 km meshes of the resolution grid of the MARS 3D model (Table   258 1). For these maerl beds, the percent cover of maerl thalli, proportion of living thalli, (Table 1) .
263
The BIOENV procedure, implemented in the PRIMER © V6 software package, (Table 1) .
285
The maerl bed of Belle-Ile corresponded to a single subarea (B) where the that living thalli were mainly concentrated in hollows of megaripples generated by 290 wave action.
291
The maerl bed of Trévignon was subdivided into two subareas (T1 and T2).
292
Within T1, the percent cover of maerl thalli was 73.8 ± 11.3 %, while the proportion of 293 living thalli was 38.3 ± 13.0 %. Within T2, the seabed was 96.9 ± 18.3 % covered by 
297
The maerl bed of Glénan was subdivided into two subareas (G1 and G2). The 298 percent cover of maerl thalli was 78.5 ± 10.6 % within G1 and 68.5 ± 23.3 % within 299 G2. Grab samplings showed 10.0 ± 8.4 % of living thalli within G1 and 16.5 ± 10.6 % 300 of living thalli within G2. Within G1 and G2, thalli were relatively small and poorly 301 ramified (Figures 5-6 ).
302
The maerl bed of Molène was subdivided into two subareas (M1 and M2).
303
Within M1, the seabed was 71.0 ± 34.4 % covered by maerl thalli, while the 304 proportion of living thalli was 80.5 ± 27.5 %. Within M2, the seabed was 66.8 ± 7.2 % 305 covered by thalli, while the proportion of living thalli was 21.6 ± 16.9 %. Ramified 306 thalli were observed within each subarea of the maerl bed of Molène; however, within 307 M2, they were associated with sub-discoidal morphotypes with warty protuberances 308 (Figures 7-8 ).
309
The maerl bed of Paimpol was subdivided into three subareas (P1, P2 and P3).
310
The covering of the seabed by thalli within P1, P2 and P3 was 39.3 ± 15.7 %, 42.2 ± 311 28.6 % and 59.1 ± 29.6 %, respectively. The proportion of living thalli within P1, P2 312 and P3 was 28.6 ± 9.5 %, 24.4 ± 18.4 % and 37.5 ± 26.2 %, respectively. Highly 
330
The shallowest maerl beds developed within the Rade de Brest, between 0.7 and 6.8 331 m, while the deepest developed at Paimpol, between 10.8 and 25.9 m (Table 2) .
332
The Brittany maerl beds were found in areas characterized by an annual mean .
338
The maerl beds of the Brittany coast were found in areas characterized by The BIOENV procedure indicated that the variations in the percent cover of influence of estuarine outputs on the percent cover of maerl thalli, the individual 445 effect of riverine-influenced factors is difficult to distinguish because they co-vary.
446
The occurrence of European maerl beds near estuaries was formerly attributed to a 447 drop in salinity measured in surface waters (Joubin, 1910 hand, the data available about the nutrient fluxes in maerl communities found on The large spatial scale ecological approach implemented in this study provides 
560
The output from mathematical models may not fully represent the complex 
